Inhibition of cyclic AMP dependent protein kinase by vanadyl sulfate.
Vanadium salts influence the activities of a number of mammalian enzymes in vitro but the mechanisms by which low concentrations of vanadium ameliorate the effects of diabetes in vivo remain poorly understood. The hypothesis that vanadium compounds act by inhibiting protein tyrosine phosphatases has attracted most support. The studies described here further evaluate the possibility that vanadyl sulfate trihydrate (VS) can also inhibit 3',5'-cyclic adenosine monophosphate (cAMP) dependent protein kinase (PKA). Using conventional assay conditions, VS inhibited PKA only at high concentrations (IC50>400 microM); however, PKA inhibition was seen at dramatically lower concentrations of VS (IC50<10 microM) when sequestration of vanadyl ions was minimized. Vanadyl appears to be the effective PKA inhibitor because sodium orthovanadate did not inhibit PKA and inhibition by vanadyl was abolished by potential chelators such as ethylenediaminetetraacetic acid or glycyl peptides. PKA inhibition by vanadyl appears to be mixed rather than strictly competitive or uncompetitive and may replicate the inhibitory effects of high concentrations of Mg2+. The effect of vanadyl on PKA provides a possible explanation for the effects of vanadium salts on fat tissue lipolysis and perhaps on other aspects of energy metabolism that are controlled by cAMP-dependent mechanisms. Considering the high degree of conservation of the active sites of protein kinases, vanadyl may also influence other members of this large protein family.